Abstract: This paper presents a high-speed CMOS OP Amp with a dynamic switching bias circuit capable of processing video signals of over 2 MHz with decreased dissipated power. The OP Amp, capable of operating at 10 MHz dynamic switching rate, was designed and showed through simulations a dissipated power of 66 % of that in conventional continuous operation. This OP Amp was applied to a switched capacitor (SC) non-inverting amplifier with a gain of 2 and its high-speed 10 MHz dynamic switching operation, capable of processing video signals, was demonstrated. By increasing the switching duty ratio to 70 %, its power dissipation decreased to 56 % of that in normal operation. Some inaccuracy of the SC amplifier resulted mainly from the limited open gain of the OP Amp. This circuit configuration should be extremely useful in realizing low-power wide-band signal processing ICs.
INTRODUCTION
Recently, the development of video electrical appliances and video equipment has moved toward high performance and miniaturization. In these units, high-speed filters, D/A and A/D converters are required because the bandwidth of video signals is wide, at over 2 MHz. Up to now, the use of digital filter technology, capable of integration into an integrated circuit (IC) and which is highly accurate, has been considered [1]. However, this technology has the disadvantage of long throughput times for digital operations and A-D and D-A conversions, limiting its use in video signal processing appliances and equipment to special applications. Analog filters such as RC filters, active filters and LC filters are also well known [2, 3] . These devices have the drawback of being incapable of integration into monolithic ICs because of the need for the inclusion of resistors, high-value capacitors or coils. Furthermore, switched capacitor filters using several operational amplifiers (OP Amps) have been developed and used in low frequency passbands of a few hundred kHz [4] [5] [6] . The SC technology is also promising for use in the video signal bandwidth because of easy integration into an IC. Although CMOS OP Amps are suitable for such filter ICs, the use of several OP Amps brings about large power dissipation (causing unstable operation). A CMOS OP Amp with dynamic current sources for enabling an IC to decrease its power dissipation has been developed [7, 8] . However, this circuit configuration has the substantial problem of being incapable of operating at high frequencies of the order of MHz because large tail capacitors of the order of nano-farads for the tail current sources are required in their operation. Its dynamic operation is limited to frequencies approaching 10 kHz. Figure 1 shows a CMOS OP Amp configuration with a DSB circuit. The OP Amp consists of a current-mirror differential amplifier M5-M9, an output amplifier with a coupling capacitor Cc, and a DSB circuit to dynamically turn the current source M5 and the output load M11 of the output amplifier on and off. The coupling capacitor Cc is provided to prevent the OP Amp from oscillating or ringing. In the DSB circuit, an external control pulse φB with a voltage swing of (-5 V)-(5 V) drives an inverting switching circuit consisting of the MOSFETs M1-M4. When φB becomes -5 V, the buffer MOSFETs M1 and M2 set a bias voltage VB at an appropriate level by operating M3 and M4 in the saturation region. At this point in time, the OP Amp turns on and operates normally as an operational amplifier. On the contrary, when φB becomes 5 V, VB is set at nearly -5 V, which turns off the current source M5 and the output load M11. The OP Amp does not dissipate power at all during this off operation period. Thus, it is expected that the power dissipation of the OP Amp becomes significantly lower
DYNAMIC SWITCHING BIAS OP AMP
In this paper, a novel CMOS OP Amp with a dynamic switching bias (DSB) circuit is proposed, providing low power dissipation and higher switching operation suitable for processing video signals.
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September 13-18, 2011, Waseda University, Tokyo, Japan than that in the usual continuous mode operation. The OP Amp operates successfully in a high speed switching mode because it does not need large capacitors for the tail current sources.
SIMULATION RESULTS
The MOSFET and capacitor elements of the OP Amp were designed as shown in Table 1 . Its characteristics were tested through SPICE simulations. The open gain and bandwidth of this OP Amp were 35 dB and 64 MHz. This amplifier operated in a dynamic switching mode with a duty ratio of 50 % and a switching frequency fs of 10 MHz as shown in Fig. 2 . In this operation mode, the dissipated power was reduced to 66 % compared with that in the static operation mode (162 mW) under the condition of an input signal frequency below 2 MHz (Fig. 3) . 
SWITCHED CAPACITOR AMPLIFIER
The author applied the OP Amp to a SC non-inverting amplifier which can be used for processing circuits such as filters. Figures 4 and 5 show its configuration and operation waveforms, respectively. Sampling pulses φ1 and φ2 complement each other. When the sampling pulse φ2 changes from a low level to a high level, the amplified sampled input signal is output during the on-state of the OP Amp (φB is low). φB is set at low just beforeφ2 changes to high, such that the sampled input signal is amplified in a stable manner in the OP Amp. The φ1 fall and φ2 rise transitions were delayed for 10 ns against the φB fall transition. Operation waveforms show that this amplifier with a gain (= C1/C2) of 2 can operate in a video signal bandwidth of over 2 MHz at fs=10 MHz (Fig. 6) . By increasing the dynamic switching duty ratio TB/Ts of the OP Amp to 70 %, its dissipated power Po decreased to 56 % compared with that in the static operation (Fig. 7) . That is, lower power dissipation is realized by using the DSB method.
The accuracy of the output voltage is also important in practical applications. Figure 8 shows the output voltage The factors causing the accuracy to decrease are thought to be the static/dynamic characteristics of the OP Amp and sampling circuits. Therefore, the dynamic operation of the SC amplifier was tested under the condition of static operation (φ B = -5V). Figure 9 shows the output voltage inaccuracy versus the φ1 sampling pulse width for the SC amplifier. In spite of the change in the sampling pulse width Tφ1, the inaccuracy ε is kept to a constant value of nearly 0.05-0.06 V. Compared with the characteristics (ε < 0.01 V) of the SC amplifier using a wide-band high-gain bipolar-input OP Amp (with an open gain of 120 dB and a unity gain frequency of 76 MHz), the accuracy of the SC amplifier using the static mode OP Amp mentioned above decreased. That is, the slightly large ε (=0.05-0.06 V) is due to the nonlinear static operation characteristics (resulting from the limited F duty ratio in the SC amplifier. C1/C2=2, fs=10 MHz, ΔT=10 ns. Because s fferent gains in filters, the gain dependency of the accuracy is also important. Figure 10 shows the output voltage inaccuracy versus the SC amplifier gain C1/C2. Obviously, the inaccuracy ε depends on the SC amplifier gain and as its gain increases, the inaccuracy increases nearly linearly. operate at a 10 MHz dynamic switching rate and a dissipated power of 66 % of that in continuous operation. This OP Amp was applied to the switched capacitor non-inverting amplifier with a gain of 2 and its 10 MHz high-speed switching operation, capable of processing video signals, was confirmed. By increasing the switching duty ratio to 70 %, the power dissipation of the non-inverting amplifier decreased to 56 % of that in normal operation. Furthermore, simulation results showed that the output voltage inaccuracy for a SC amplifier with a gain of below 2 was below 6.5 % and mainly caused by the limited open gain of the OP Amp. By improving the performance of the OP Amp, the inaccuracy of the SC amplifier is expected to decrease.
This circuit configuration should be very useful for the realization of low-power wide-band signal processing ICs. 
